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ABSTRACT

The effectof initial plantingdensityon strengthand stiffnessof slashpine (Pinus
elliortii Engeim.varelliottii) froma40-year-oldplantationon theGeorgiaCoastalPlain
was examined.A stratified randomsampleof treeswith diametersat breastheight
rangingfrom 8 to 16 inchesfromreplicatedstandsrepresentingtreespacingof 6 by 8,
8 by 8,10by 10, and 15 by 15 feetwas processedinto lumber.Visually gradedNo. I
and No. 2, 2 by 4 and2 by 6 lumberfrom thestudywastestedfor stiffness(modulusof
elasticity) andstrength(modulusof rupture) accordingto theprovisionof American
Societyfor TestingandMaterialsStandardMethodD 198.Only themodulusofrupture
of theNo. 2 grade2 by 4’s showedasignificant(p = 0.05)decreasewith increasedtree
spacing.All spacingstestedproduceddimensionlumber with excellentmechanical
properties.

Initial plantingdensitiesandthinning
aresilvicultural toolsthat canbe usedto
control theproportionofjuvenile wood,
size and numberof knotsand, thus,the
qualityofthelumberproducedfromman-
agedplantations.Resultsof a loblolly
pine (Pinus tueda L.) spacing-thinning
study (6) show that planting at initial
densitiesofgreaterthan538treesperacre
(TPA) and thinning at age 18 can yield
lumber of greatergrade and valuecom-
paredtoplantingatdensitieslessthan538
TPA andthinningto thesamebasalarea.
Informationontheeffectofinitial spacing
on slashpine is alsoneeded.

The completion of a spacingstudy
providedtheopportunityto examinethe
effect of initial planting density of an
unthinned,40-year-oldslashpine (Pinus
elliottii Engeim. var elliottii) plantation
on lumber strength and stiffness. Re-
peatedtreemeasurementswerecollected
overthe life of thespacingstudytodeter-
minethe responseof slashpineplantedat

eight differentspacingsandunalteredby
thinningor othersilviculturaltreatments.
Interim growth and volume data have
beenwidely published(2-4,7).Jones(8)
reportedthat the only significant differ-
encein stemvolumeperacreat ages15
and20 wasthat thecubicfoot volumein
the 15- by 15-foot spacingwas signifi-
cantly below that found in the other
plantingdensities.Thedifferenceinmer-
chantablestemvolumebetweenplanting
densitieswas notstatisticallysignificant
at ages25 and 30.

In 1989, Clark and Saucier(5) re-
portedthat theslashpine in this spacing
study producedjuvenile wood for the

first 10 rings at all planting densities.
Analysis of collected increment cores
showedthat the diameterof thejuvenile
core was significantly related to the in-
itial tree spacingsand averaged 4,0
inchesfor thetreesspaced6 by 6 feet;4.6
inchesfor the treesspaced8 by 8 feet;5.5
inchesfor the treesspaced10 by 10 feet;
and6.3 inchesfor the treesspaced15 by
15 feet.Analysisof woodspecificgravity
(SG)basedon incrementcorescollected
fromtreesplantedatthevariousspacings
showedno significantdifference in SG
amongplantingdensities(5).

OBJECTIVE

The objective of this study was to
determinethe effect of initial planting
densityon modulusof elasticity (MOE)
and modulusof rupture(MOR) of visu-
ally gradedNo. 2 dimension lumber
sawn from unthinned40-year-oldslash
pine.

MATERIALS AND PROCEDURES

Thestudyplantationwas established
in an old cultivatedfield inJanuary1952
on theHolt Walton ExperimentalForest
in Dooley County, Ga. The slash pine
spacingstudy had a randomizedblock
designwith two replications.The soil is
loamy sand,mostly of theLakelandand
Gileadseries.In this study,fourspacings
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number within the tree. The logs were
sawn into nominal 4/4 and 8/4 lumber on
a circular saw with a computer-control-
led setworks headsaw and vertical gang
resaw. Lumber cut from each log was
identified and graded green by certified
Southern Pine Inspection Bureau lumber
graders. Each piece of lumber was tallied
by mill number, thickness, width, length,
and grade. Green grades were assigned
solelyonthebasisof defect(9). Warpand
twist were not considered.
SAMPLE LUMBER

The number of 2 by 4 and 2 by 6
dimension pieces produced from the 132
study treesand selectedfor testing are
showninTable1.A sampleofdimension
lumber for mechanical testing was se-
lectedrandomly from the lumber pro-
duced.The goalwasto test20 to 30 No.
I and No. 2 grade 2 by 4’s and the same
number of 2 by 6’s from each planting
density. No attemptwas madeto select

TABLE]. — Numberofpiecesa/Na. I andNa. 2 grade2 by4 and2 by6 lumberpwducedfrom the132
slashpinetreesandnumberof piecestestedforstiffnessandstrength.

Piecesof lumber

Produced

Spacing No. I No. 2 No. I

Tested

No. 2

(ft.)
2 by 4’s

6by8 60 90 12
8by8 45 115 11

lObylO 23 83 9

IsbylS 26 99 8

26
25
24
27

2 by b’s

6by8 10 41 10
8by8 3 32 3

lObylO 18 94 11
15by15 16 67 12

22
23

31
28

TABLE2.—AverageMOEandMORjor visuallygradedNo, I grade2 by4 yand2 byb’sby treespacing
for unthinnedslashpinein theGeorgia CoastalPlain.

MOE MOR

Spacing Piecestested Average SD~ Average SD

(ft.) (No.) (millionpsi) (psi)
2 by 4’s

6 by 8 12 1.98 0.61 6,920 2,691
8 by 8 11 2.33 0.46 7,065 2,661

10 by 10 9 2.40 0.68 7,442 2,894
IsbylS 8 1.89 0.54 6,048 2,116

2 by 6’s
6by8 10 2.03 0.33 6,700 1,572
8by8 3 1.71 0.29 4,140 700

lObylO 11 1.98 0.34 6,827 2,121
ISbylS 12 1.81 0.42 4,827 2,121

SD = standarddeviation.

lumber by DBHclass. Wedid try to limit
the number of boards selected from indi-
vidual logs to two. We were unable to
select20 to 30 piecesfrom all lumber
gradeand sizecells (Table 1). These-
lectedpieceswere takento Athens,Ga.,
wheretheywerekiln-dried to 12 percent
moisture content, planedto thickness,
and ripped to width. The researchdry
kiln allowsamaximumlengthof 12 feet.
All testpiecesweretrimmedto a 12-foot
length immediatelybeforestackingand
drying. A total of 282 sample 2 by 4 and
2 by 6 boards were tested. The number of
specimens tested in each spacing and
grade is not representative of the grade
yieldsby spacing.
SAMPLETESTING

The dimensionlumber was testedin
static bending with third-point loading
over a 138-inchspan.Using a 120,000-
pound capacity hydraulicuniversaltest
machine,testingfollowed the specifica-
tionsof ASTM D 198 (1). Load/deflec-
tion data were collected and recorded
using electronic sensorsand an ana-
log/digital boardin a portablecomputer.
Loadwasappliedattherateof 100 to 140
poundsper minuteuntil failure. Deflec-
tions were taken to approximately 1.5
inches; then the deflection sensorwas
removedwithout intermptingthe load-
ing.
DATA ANALYSIS

The effect of initial spacing on the
proportion of lumber tested that met the
required bending strength for its lumber
grade and size was examined. The MOR
of each board was compared to the re-
quiredbendingstrengthfor its size and
grade. The required bending strength
value was calculated by multiplying the
required bending design value Fb (9) for
each grade and lumber size by an adjust-
mentfactorof 2.1 for safetyandduration
of load.

The MOEand MORdata for No. 2, 2
by 4 and2 by 6 boardswereanalyzed
usingtheSASGeneralLinearModel and
Tukey’s test (10).

RESULTS AND DISCUSSION

TheaverageMOEandMORof No. I
grade2 by 4’s and2 by 6’s did not vary
consistentlywith tree spacing,probably
becauseof the low number of pieces
tested (Table 2). The average MOEand
MOR for theNo. I grade2 by 4’s and2
by 6’s tested exceeded the average values
specifiedby thegradingrules for south-
ern pine (9).

were selectedfrom the original eight in-
stalled:6 by 8 feet(908TPA), 8 by 8 feet
(681TPA), 10 by 10 feet(436TPA), and
ISby 15 feet (194 TPA).
SAMPLETREES

In 1992,astratifiedrandomsampleof
four to five treesper 2-inchdiameterat
breastheight(DBH) classbetween8 and
16 incheswastakenfrom eachof thefour
spacingsin eachreplication. Stratifying
the sampletreesby diameterclassper-
mits extendingthe lumber gradeyield
data to other timber standswith similar
spacingcharacteristics.A total of 132
trees were selectedfor harvest. These
treeswere felled and buckedinto tree-
length logs to a 7-inch-diameteroutside
bark (d.o.b.) top or sawlog merchantable
top.Thetree-lengthlogs weretruckedto
a cooperatingsawmill in centralGeorgia
wherethey werebuckedinto 10- to 16-
foot loglengths.All logswerenumbered
andtaggedtoidentify the treeandthe log
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TABLE3. —AverageMOEandMOEbevisuallygradedNo.2grade2 by4~and2 by6~byinitial treespacingfor unthinnedslashpinein die GeotylaGoa.stal
Plain.

MOE

Spacing

(ft.)

Pieces tested

(No.)

Average SD~

(million psi)
2 by 4’s

6 by 8
8 by 8

lOby 10
15 by 15

2 by 6’s
6 by 8
8 by 8

lOby 10
15 by 15

26

25
24

27

22
23

31
28

1.94
1.99
1.97

1.81

1.96
1.86
1.72
1.73

0.57
0.52
0.53

0.42

0.41

0.35

0.35
0.43

MOR

Average
Proportionin

SD compliancefor Fs

(psi)

6,464
5,754
5,721

4,827

5,882

5,817
5,193
5,075

2,313

2,603
1,662
2,121

2,095
1,950
1,942
1,901

SD standarddeviation.

TheaverageMOE andMOR of No. 2
grade2 by 4’s and 2 by 6’s generally
decreasedwith increasedtree spacing
(Table3). TheaverageMOEof theNo.2
grade2 by 4’s did not vary significantly
with spacing (p 0.57). However, the
average MORof the No. 2 grade 2 by 4’s
was significantly different among spac-
ings at the 0.07 level. Based on the Tukey
test at the 0.05 level, the MORof the
lumber from the 15- by 15-foot spacing
was significantly lower (25%) than that
of the 6- by 8-footspacing,but therewas
no difference among the 6- by 8-, 8- by
8-, or 10- by 10-foot spacings. Even
though theMORof theNo. 2 grade2 by
4’s from the 15- by 15-footspacingwas
significantly lower than thatof the lum-
ber from the 6- by 8-foot spactng.81
percentof theNo. 2 grade2 by 4’s from
the IS- by 15-footspacingwas tn com-
pliancewith Eb (Table3).

TheaverageMOE of the No. 2 grade
2 by 6’s among spacingswas signifi-
cantly different at the 0.09 level. How-
ever, the Tukey test showedno signifi-
cantdifferencebetweenspacingsat the
0.05 level. Average MOR of the No. 2
grade2 by 6’s did not varysignificantly
(p = 0.33)with treespacing.

Theproportionof No. 2grade2 by 4’s
and2by 6’sthatwasin compliancefor Fb
was high (92%) for the study and the
proportion in compliancedid not vary
consistentlywith increasingtreespacing
(Table3).

CONCLUSIONS

Treespacinghada minimal effecton
strengthandstiffnessof dimensionlum-
ber sawn from unthinned 40-year-old
slash pine growing in the Georgia
CoastalPlain. AverageMOE andMOR
of No. 2 grade 2 by 4’s and 2 by 6’s
generallydecreasedwhen tree spacing
increased from 6 by 8 feet (908 TPA) to
15 by 15 feet (194 TPA). However, only
theMORof No.2grade2 by 4’sshowed
asignificantdecrease(p 0.05)between
treesplantedat spacingsof 6 by 8 feet
and 15 by 15 feet. The unthinned 40-
year-old slash pine from all spacings
sampledproduceddimension lumber
with excellentmechanicalproperties.
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